Earlier we determined the colostrum and milk composition of cows after single-and twin-calving as well as the changes in the composition as a function of postpartum time. It was established that the dry matter, protein, whey protein, and immunoglobulin-G (IgG) content
of the first-milked colostrum immediately after calving was significantly higher with twin-calving cows than with single-calving animals. As regards the other components, there were no significant differences among the animals. During the last years, we managed to collect the first-milked colostrum from five cattle after triplet-calving. The composition of these samples were determined by the methods we used earlier at twin-calving animals, and the results were compared to the colostrum composition of single-and twin-calving animals. It was found that although as an effect of triplet-calving the protein and IgG content of colostrum increased, the difference was not significant between twin-and triplet-calving animals. We are aware that others have not reported data from the point of view of the colostrum composition of twin-calving, and in the case of tripletcalving our results are unique in the world. In our publication, we report on the results of our investigations.
Introduction
Between 1980 and 1990, in connection with the cattle breed restructuring and new cattle breed producing programmes, we determined the colostrum and milk composition of hundreds of cows resulted from crosses between Holstein-Friesian and Jersey cows (Csapó et al., 1982a (Csapó et al., , 1982b (Csapó et al., , 1982c Csapó & Csapó, 1984) . Our investigations were performed at the Hajdúnánás State Farm and at Szigetvár State Farm. During the examination of the composition of firstmilked colostrum, it was found that the colostrum of twin-calving animals had more dry matter, total protein, whey protein, and in particular more immunoglobulin G (IgG) than the single-calving ones (Csapó, 1995) . Then, we systematically collected the first milk colostrum of twin-calving animals, and the colostrum composition was compared to the composition of singlecalving animals. At the Hajdúnánás State Farm, we investigated the firstmilked colostrum of 17 single-calving and 17 twin-calving Holstein-Friesian paternity cows, five of which calved bull calf, five heifer calf, seven calved one bull, and one heifer calf. At Szigetvár State Farm, we investigated the first milk colostrum of 15 twin-calving cows, four of which calved bull calf, three heifer calf, and eight calved one bull and one heifer calf. Whereas in all cases the gender of the calves was known, we could investigate the impact of the gender of the calves on the composition of the first-milked colostrum.
Comparing the colostrum composition of the single-and twin-calving cows, it was established that the colostrum of the twin-calving animals contained significantly more dry matter, total protein, true protein, whey protein, true whey protein, and IgG than that of cows with single calving. In contrast, there were no significant differences in the casein and non-protein nitrogen (NPN) content between the two groups.
According to the results of our investigations, there are no differences in the colostrum composition between the cows that calved different calves. It seems therefore that the gender of the calves at twin-calving has no effect on the colostrum composition. The biological value of the colostrum from twincalving animals calculated on the amino acid composition was higher with 9.4 in both state farms than that of single-calving animals. The higher biological value can be explained with the higher whey protein content of the colostrum because the biological value of the whey protein is significantly higher than that of the casein. We were unable to confirm the differences by mathematical statistical analysis. Significant differences were not found in the macro-and microelement content of the colostrum between the twin-and single-calving animals (Csapó et al., 1991a; 1991b) .
The protein fractions, amino acid composition, and biological value are indicative of the differences between the colostrum composition of single-and twin-calving animals, whereas the IgG is part of the whey protein, the whey protein is part of the total protein, primarily due to IgG or whey protein surplus (Csapó, 2013) .
In the national and foreign literature dealing with animal breeding and milk production, we did not find any information with regard to twin pregnancy having any effect on the composition of the colostrum, and therefore we could not evaluate our data in the light of the scientific literature. In addition, based on this, we assumed that our investigations are unique in this area. After this, we received the first milk colostrum of three Holstein-Friesian paternity cows from the Hajdúnánás State Farm, of one Holstein-Friesian cow from Bos-Frucht Agricultural Cooperative, Kazsok, and of one from Gödöllő Experimental Farm Ltd., Kartal, after triplet-calving. In our publication, we report on the composition of the first milk colostrum of triplet-calving animals, and we compare the colostrum composition of twin-and triplet-calving animals.
Literature review
A lot of information has been published in the literature on the passive immunity of the calves (Ehrlich, 1892) , the own immunoglobulin synthesis of the calf during intrauterine life (Mielke, 1979a) , calves born with agammaglobulinaemia (Mc Guireet al., 1976; Losonczy et al., 1979), production and synthesis of the colostrum (Mielke, 1979b) , dependence of the colostrum composition on breed, duration of the lactation, and drying period (Mielke, 1979a) . The IgG content of the colostrum was measured between 50 mg/ml (Butler, 1969; Logan et al., 1981) and 144 mg/ml (Senft et al., 1976) , and the average values ranged between 100 and 110 mg/ml. According to our investigations (Csapó, 1995) , the Jersey gene ratio did not change significantly the IgG content of the firstmilked colostrum; the IgG content of the first-milked colostrum was the lowest in a Jersey paternity cow (61.4 mg/ml) and the highest in a Holstein-Friesian paternity cow (142.4 mg/ml).
The average dry matter content of the first-milked colostrum of Holstein-Friesian and Jersey paternity genotypes was 24.74% (Csapó et al., 1982b (Csapó et al., , 1982c , which was 2-3% lower than the result published by Sztarodubcev et al. (1974) . Considering the average of the two genotypes, the total protein content of the first-milked colostrum was 14.94%, whey protein content was 10.07%, casein content was 4.87%, and non-protein nitrogen (NPN × 6.38, calculated protein content) content was 0.43%. According to our investigations (Csapó, 1995) , the average total protein content of the two genotypes was 1.0-1.5% lower than in the results of Sztarodubcev et al. (1974) , was more by the same amount than in the results of Grieb (1968), and 1.5-2.5% higher than Voigtländer & Glässer (1974) determined for German black-spotted. The whey protein content of the first milk colostrum was 10.02-10.12%, while the average of the first three samplings was around 7.6%. This last value, well approaching the 8.26% value, was measured by Kvapilik et al. (1975) and the one approaching the 8.35% value was measured by Grieb (1968) for colostrum sampled after five and a half hours after calving.
Many investigations were published about the dry matter content and protein fractions of colostrum (Grieb, 1968; Sztarodubcev et al., 1974; Voigtländer & Glässer, 1974; Kvapiliket al., 1975) . In examining the changes of the composition of the colostrum after calving as a function of time, it was concluded that significant changes in the dry matter, total protein, and whey protein content took place in the 24-hour period after calving, after which there was only a slight change in the composition of colostrum and transitional milk.
According to our investigations (Csapó et al., 1991a) , the dry matter content of the colostrum was the lowest in the Jersey cow (19.4%) and the highest in a Holstein-Friesian cow (31.2%). The total protein content of the colostrum was the lowest in a Jersey cow (10.23%) and the highest in a Holstein-Friesian cow (21.7%). The whey protein content was the lowest in a Jersey cow (7.32%) and the highest in a Holstein-Friesian cow (13.21%). The lowest (2.91%) and the highest (7.12%) casein content were measured in two Holstein-Friesian cows.
The NPN content was the lowest in a Jersey cow (0.29%) and the highest (0.53%) in a Holstein-Friesian cow.
We did not find literature data on the colostrum composition of the cows after twin-and triplet-calving.
3 Materials and methods 3.1 The examined breeds, feeding and keeping conditions, sampling of colostrum and milk
The genotype of the triplet-calving cows from Hajdúnánás was sired by Holstein-Friesian bulls (62.5% Holstein-Friesian + 25% Jersey + 12.5% Hungarian red-spotted). The population of single-calving, twin-calving, and tripletcalving cows alike was under summer-feeding conditions, based chiefly on grass. Of the three cows calving triplet-calves, two were in the second and one in the third lactation.
Of the 17 twin-calving control cows, eight were in the 2 nd lactation and nine in the 3 rd lactation. Of the 17 single-calving cows, there were 10 in the second and seven in the third lactation. From each of the cattle stables of the Bos-Frucht Agricultural Cooperative, Kazsok and Gödöllő Experimental Farm Ltd., Kartal, we obtained the first colostrum of one triplet-calving Holstein-Friesian cow. Both cows started their 2 nd lactation and were mainly fed in a corn-based silage feeding system.
During the previous experiments, when the colostrum composition of the single-and twin-calving cows were compared, we sampled the colostrum, transient milk, and milk immediately after calving (within half an hour) and repeated it in the 12 th and 24 th hours as well as on the 2 nd , 3 rd , and 5 th days after calving. However, as results showed that there are significant differences only in the first-milked colostrum between single-and twin-calving cows, when examining the influence of the number of offspring on colostrum composition, we focused only on the first-milked colostrum. In all cases, milk sampling took place from the mixed milk of the totally-milked udder. After homogenization, samples were stored in a deep freezer at -25 • C.
Analytical methods
The frozen colostrum and milk samples were warmed up in 38-40 • C water, homogenized, and then dry matter content was determined by drying the sample to constant weight according to the Hungarian Standard MSZ-6830-6.
The protein content and protein fractions of the samples were determined using Kjel-Foss 16200 nitrogen analyser. During the determination of the protein fractions, the whole milk (N% × 6.38 = total protein) was defatted by a T30-type laboratory centrifuge at 8,000 rev/minute for 10 minutes, and then the pH of the skim milk was set to pH = 4.55 with the help of an Op-264-type pH meter. The precipitated casein was removed by centrifugation at 8,000 rev/minute for 10 minutes from the whey (N% × 6.36 = whey protein). The whey protein was removed from the whey by 12% trichloroacetic acid precipitation, and the nitrogen content of the permeate was determined (non-protein nitrogen, NPN). By subtracting the NPN from the whole milk nitrogen, the milk true protein nitrogen was received, through the subtraction of the NPN from the whey nitrogen the true whey nitrogen was received, and through the subtraction of the whey nitrogen from the total nitrogen the casein nitrogen was received. The protein content of the different fractions was received after multiplying the nitrogen content of the fraction by 6.38 (conversion factor). Between 1980 and 2000, the nitrogen content of the milk samples and the different fractions were determined by Kjel-Foss 16200-type fast nitrogen analyser, while after 2000 Kjel-Tec nitrogen analyser was used for the samples of the first three triplet-calving cows at the Chemical Institute of Kaposvár University, Faculty of Animal Science, and the nitrogen content of milk samples from the last two cows was determined at the Food Chemistry Department of Sapientia Hungarian University of Transylvania, Department of Food Science.
The IgG content of the colostrum was determined by the single radial immunodiffusion method described by Mancini et al. (1965) . The anti-cattle IgG rabbit serum and the cattle IgG standard were obtained from the Human Vaccine and Research Institute (Budapest, Gödöllő, Hungary).
Statistical analysis of the results
The mean value and standard deviation of the results were calculated, and the mean values were compared with the help of Student t-test.
Results and conclusions
The dry matter content, protein content, and protein fractions of the firstmilked colostrum of the triplet-calving cows are shown in Table 1 and the concentration of the IgG in Table 2 . In Table 3 , the dry matter content and protein fractions and in Table 4 the IgG concentration of the first-milked colostrum of single-, twin-, and triplet-calving cows are compared.
From the data of the first and second tables, it can be concluded that in the case of triplet-calving the concentrations of the dry matter, protein fractions, and immunoglobulin-G in first-milked colostrum are higher than the data published earlier in the literature. On the other hand, they are very similar to the data of twin-calving cows published by us earlier. There are very few data on the composition of first-milked colostrum in the literature because the sampling was not taken immediately after calving, for which reason the calves sometimes sucked before sampling, and the sucking stimulus caused attenuation in the colostrum. We can compare the 31.80% dry matter content value only to our earlier investigations or to the dry matter content of the first milk colostrum of twin-calving cows, which was 29.58%. The 18% value for total protein content is also extremely high because total protein content in the literature is in most cases between 13 and 15%, and this finding is valid for true protein (17.26%), whey protein (13.79%), and true whey protein (13.24%) as well. However, this is not surprising because the protein fractions listed here are all part of the total protein; accordingly, the substantially higher concentration found there is reflected in the protein fractions. The 136.42 mg/ml for IgG is also one of the outstanding data in the literature. Only Senft et al. (1976) published in the literature a higher concentration than this one for IgG (144 mg/ml), which can be explained perhaps by the special keeping and feeding conditions, special environment, which made the animals produce such a high concentration of IgG in the colostrum. As for other researchers, they reported 100-120 mg/ml of IgG content of the colostrum at best and 50-70 at worst. The purpose of this study was not to compare our results to those published in the literature but to compare the composition of the first-milked colostrum of twin-calving and triplet-calving cows living in the same keeping and feeding conditions, in the same environment and to focus on how to influence the composition of the first-milked colostrum in twin-and triplet-calving cows. The results of these investigations are shown in tables 3 and 4. Earlier we discovered (Csapó et al., 1991a; Csapó, 1995) that the sex of the offspring at twin-calving had no influence on the composition of the first milk colostrum; for some reason, this aspect -among others, due to the low number of tripletcalving cows -was not investigated.
It has also turned out from our previous investigations that the first colostrum of the twin-calving animals has significantly more dry matter, total protein, true protein, whey protein, true whey protein, and IgG content than that of single-calving animals. In addition, we found no significant differences in the casein and NPN content of the two groups. We assumed that these differences also existed between single-and triplet-calving animals, wherefore we wished to examine in particular that triplet-calving can lead to further increase in the concentration of the dry matter content, protein fractions, and especially IgG content of first-milked colostrum.
From the results of the statistical analysis, it can be seen that the first colostrum of the triplet-calving animals has significantly (P < 0.001) more dry matter, total protein, true protein, whey protein, and true whey protein content than that of single-calving cows. In the case of casein and NPN content, there were no significant differences between the three groups. It was not found any significant differences between the twin-calving cows and triplet-calving cows. The first-milked colostrum of the triplet-calving cows had 2.22% more dry matter, 0.68% more total protein, 0.37% more true protein, 0.80% more whey protein, 0.68% more true whey protein, 0.11% less casein, and 0.11% more NPN × 6.38 than that of twin-calving animals.
The IgG content of the first-milked colostrum was measured at singlecalving: 104.51, twin-calving: 128.15, and triplet-calving: 136.42 mg/ml, which reveal significant differences between the single-and triplet-calving animals. Although the first-milked colostrum of triplet-calving animals had 8.27 mg/ml more IgG, the difference was not significant between the two groups.
Based on the foregoing, the first-milked colostrum of the triplet-calving animals has more protein, and in it more whey protein, than approximately the same amount of casein as the single-and twin-calving animals, as proved to be the case, but significant differences between the twin-and triplet-calving animals could not be detected.
Finally, there is a single question to be answered: what causes the difference in the composition of the first-milked colostrum of single-, twin-, and tripletcalving animals? There is a clear response to it: IgG is part of the whey protein, the whey protein is part of total protein, and the received differences are primarily due to IgG or whey protein surplus. But what cause the differences between the groups during pregnancy?
Of the hormones that control the function of the mammary gland, there is only one whose concentration is influenced by twin pregnancy -that is the placental lactogen (PL), which is produced by the placenta and which enhances cell protein synthesis and cell division in the body. Besides the oestrogens, it is crucial to mammogenesis. As in humans there is a close correlation between the size of the placenta and the production of PL, our premise is that two and three placentas will produce more placental lactogen than only one, which leads to increased protein production and increased concentration of immunoglobulin-G and of different protein fractions in the first-milked colostrum.
